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I.  INTRODUCTION 


The  BRL  program  to  develop  the  non-conical  boattail  projectile 
requires  the  firing  of  approximately  one  hundred  155mm  projectiles 
and  twenty- two  105mm  projectiles  under  various  flight  conditions. 
During  each  flight  various  aeroballistic  information  is  recorded  for 
later  analysis.  So  far,  thirty  155mm  projectiles  and  twenty-two 
105mm  projectiles  have  been  fired  at  APG1  for  charge  assessment, 
mechanical  integrity,  and  aerodynamic  characteristics,  six  155mm  pro- 
jectiles have  been  fired  at  Nicolet,  Canada2  under  minimum  stability 
conditions  and  fifty  155mm  projectiles  have  been  fired  at  the  Tonopah 
Test  Range,  Nevada3*4  at  various  flight  conditions.  This  report  pre- 
sents the  experimental  plans,  and  the  in-flight  data  records  of  ten  of 
these  projectiles  plus  ten  additional  155mm  SRC  projectiles  used  as 
reference  projectiles.  These  twenty  projectile  flights  are  the  third 
phase  of  the  non-conical  boattail  program  flown  at  Tonopah. 


II.  TEST  SITE  AND  FACILITIES 


The  Tonopah  Test  Range  and  facilities  are  the  same  used  during 
the  Phase  I and  II  firings  and  are  described  in  detail  in  reference  3 


Anders  S.  Platou , "An  Improved  Projectile  Boattail.  Part  TV,  " 
Ballistic  Research  Laboratory  Memorandum  Report  ARBRL-MR-02826 , 
April  1978.  AD  B027520L. 

John  H.  Whiteside,  "Transonic  Tests  of  the  155mm  Ron-Conical 
Boattail  Projectile  A and  8-Inch  XM650E4  and  EBVP  Projectiles  at 
Nicolet,  Canada,  During  January -February  1977, " Ballistic  Research 
Laboratory  Memorandum  Report  ARBRL-MR-02809 , January  1978. 

AD  B027297L. 


Vural  Oskay  and  Anders  S.  Platou,  "Yawsonde  Tests  of  155mm  M549 
Non-Conical  Boattail  Projectile  at  Tonopah  Test  Range, " to  be 
published  as  a Ballistic  Research  Laboratory  Memorandum  Report, 
Aberdeen  Proving  Ground,  Maryland. 

Anders  S.  Platou , "Yawsonde  Flights  of  155mm  Non-Conical  Boattail 
Projectile  Configurations  at  Tonopah  Test  Range  — October  1977," 
ARBRL-MR-02881 , November  1978 , U.S.  Amy  Ballistic  Research 
Laboratory,  Aberdeen  Proving  Ground , Maryland. 


III.  CONFIGURATIONS,  TEST  PROGRAM,  AND  INSTRUMENTATION 


During  the  week  of  13  March  1978,  twenty  155nun  projectiles  were 
fired  from  an  M185  gun  tube.  Two  projectile  configurations  were  flown 
as  listed  below. 

1.  The  conical  boattail  projectile  (SRC-E.R.F.B.  - MK10,  M0D2) 
Figures  1 and  3 (SRC  Drawing  No.  D214290  Rev.  C) . 

2.  The  non-conical  boattail  projectile-B  (NCB-B)  Figures  2 and  4. 

The  model  physical  characteristics  are  given  in  Table  I,  and  the  test 
program  is  given  in  Table  II.  Each  projectile  was  instrumented  with  a 
yawsonde  just  prior  to  the  launch  so  that  the  angular  yawing  motion  of 
the  projectile  during  the  flight  was  recorded.  Radar  tracking  was  used 
to  obtain  projectile  trajectories  and  velocities;  impact  coordinates 
were  obtained  from  ground  surveys.  Muzzle  velocities  were  measured  for 
each  projectile  using  two  velocimeters  - the  NERA  (supplied  by  BRL)  and 
a Doppler  Velocimeter  (supplied  by  Tonopah) . 

TheSRC  projectiles  were  launched  using  standard  copper  rotating 
bands  and  required  no  preliminary  tests.  The  NCB-B  projectiles  used  a 
plastic  discarding  rotating  band  which  required  some  development  of  the 
design.  The  final  design  used  on  the  NCB-B  projectile  is  shown  in 
Figure  5.  The  plastic  Eurethane  was  molded  onto  the  triangular  boattail 
with  three  (one  on  each  triangular  surface)  aluminum  keys  used  to  keep 
the  projectile  from  sliding  axially  with  respect  to  the  plastic  during 
the  projectile  ramming  process.  The  exterior  of  the  plastic  was  then 
machined  to  the  dimensions  shown  in  Figure  6.  At  propellant  ignition 
the  plastic  moves  forward  with  respect  to  the  projectile,  breaking  into 
small  pieces  as  it  becomes  compacted  between  the  projectile  and  the  gun 
tube  rifling  grooves.  This  action  brings  the  projectile  spin  up  to  the 
gun  twist  value,  thereby  stabilizing  the  projectile  in  flight.  After 
leaving  the  muzzle  the  small  pieces  of  plastic  fall  to  the  ground  and 
the  aluminum  keys  are  thrown  away  by  centrifugal  force.  The  discarding 
sabot  launching  technique  used  here  is  an  expedient  for  these  firings 
and  should  not  be  considered  as  essential  for  launching  non-conical 
boattailed  projectiles. 


IV.  RESULTS  AND  CONCLUSIONS 

1.  The  log  of  the  twenty  flights  of  the  Phase  III  firings  is 
given  in  Table  III. 

2.  The  angular  and  spin  histories  obtained  from  the  yawsonde 
records  of  the  various  projectile  flights  are  shown  in  Figures  7 to  40. 
Considerable  difficulty  was  experienced  in  receiving  the  yawsonde 
signal  on  some  of  the  flights.  This  difficulty  is  partially  attributed 
to  new  electronic  circuitry  used  in  these  yawsondes.  On  Flights  12  and 
22  sufficient  data  were  obtained  to  warrant  data  reduction,  and  on 
Flight  15,  the  yawsonde  data  were  lost  during  the  data  reduction.  A 
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new  reduction  starting  with  the  original  yawsonde  tape  recording  would 
have  to  be  carried  out  in  order  to  obtain  the  angular  motion  and  spin 
history  of  this  flight.  Since  Flight  15  is  similiar  to  Flights  14,  16, 
17  and  18  there  is  no  need  to  rework  Flight  15. 

3.  The  angular  motion  data  shown  that  the  predominant  motion  is  a 
precessional  limit  cycle  with  any  nutational  motion  damping  to  zero 
during  the  first  portion  of  the  flight. 

4.  On  all  flights,  the  yawing  motion  remains  at  low  levels  and 
there  is  no  indication  of  an  unstable  motion. 

5.  Trajectory  computations  using  the  flight  data  obtained  during 
the  Phase  III  firings  show  the  NCB-B  projectile  to  have  a drag  coeffi- 
cient approximately  .02  lower  than  the  SRC  over  the  entire  Mach  number 
range.  Using  these  drag  data  and  assuming  both  projectiles  are 
launched  from  the  T-185  gun  as  shown  below,  the  ranges  of  these 
projectiles  have  been  computed. 


Launch  Weight 


Muzzle  Velocity 


Flight  Weight 


Quadrant  Elevation 


Ballistic  Coefficient 


2.67818 


2.71595 


For  a standard  sea  level  atmosphere  the  computed  range  is  26,970  m 
for  the  NCB-B  and  26,020  m for  the  SRC. 


For  the  Tonopah  Test  Range  atmosphere,  the  computed  range  is 
31,930  m for  the  NCB-B  and  30,750  m for  the  SRC. 


6.  At  both  supersonic  and  transonic  launches,  the  SRC  and  the 
NCB-B  have  considerably  different  roll  damping.  The  NCB-B  experiences 
much  floater  change  in  spin  indicating  the  twisted  triangular  boattail 
is  effective  in  producing  large  rolling  moments.  This  is  also  seen  by 
comparing  the  NCB-A  (no  bore  riders,  but  the  same  triangular  boattail) 
spin  history,  reference  4,  with  the  NCB-B  spin  history.  Both  spin 
histories  are  nearly  the  same  indicating  that  the  NCB-B  bore  riders 
have  a minor  influence  on  the  spin. 


7.  Because  of  the  large  variation  of  spin  on  the  NCB-B,  the 
gyroscopic  stability  fs  approaching  the  critical  value  of  1 near  the 
end  of  the  flight.  As  a result  the  yawing  motion  limit  cycle  increases 
just  before  impact.  If  required,  the  boattail  twist  could  be  increased 


above  the  gun  rifling  twist  in  order  to  increase  the  spin  (pd/V)  near 
the  end  of  the  flight. 

8.  Impact,  deflection,  and  muzzle  velocity  are  given  in  Table  IV. 
Table  IV  also  gives  the  impact  data  for  the  NCB-B  and  the  SRC 
projectiles  corrected  to  the  listed  muzzle  velocities  and  the  resulting 
dispersion  values.  It  should  be  noted  that  these  firings  were  not 
conducted  under  ideal  conditions  for  dispersion  data,  however  it  is 
interesting  to  note  that  in  all  cases  the  dispersion  of  the  SRC 
projectile  is  better  than  those  obtained  for  the  NCB-B  projectile. 

9.  On  all  of  the  spin  plots  PHI  DOT  is  the  Eulerian  spin  of  the 
projectile  and  the  spin  about  the  principle  body  axis  at  any  given  time 
is  essentially  the  average  of  PHI  DOT. 


TABLE  I.  THE  PHYSICAL  CHARACTERISTICS  OF  THE  15SMM 
PROJECTILES  FIRED  AT  TONOPAH  TEST  RANGE, 
NEVADA,  ON  14  AND  16  MARCH  1978 

Projectile 

Average  Weight 
kg 

Average  C.G. 

Cal.  Aft  of  Nose 

Av.  I 

X 

kg  m2 

Av.  I 

kg  m2 

NCB-B 

46.4 

3.9 

.122 

1.695 

SRC 

45.9 

3.9 

.144 

1.885 
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TABLE  II.  THE  PROGRAM  FOR  PHASE  III,  TONOPAH  TEST  RANGE  - MARCH  1978 


TABLE  III.  LOG  OF  THE  PHASE  III  NONCONICAL  BOATTAIL  PROJECTILE  FLIGHTS  AT  TONOPAH  TEST  RANGE .NEVADA 

MARCH  1978 


Latitude  = ZT 80' 46. 6827 7 "LI 

Longitude  = U6°42'17.00088"W 

Heightabrve  means  Sea  Level  = 1630. 5Z9M  MSL 


Muzzle  Measured  Range*  Deflection 

Round  Velocity  Range  Corrected  to  Right 
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Figure  1.  The  155mm  Space  Research  Corporation  (SRC)  Projectile 


Figure  2.  The  155mm  Non-Conical  Boattail  Projectile  B (NCB-B) 


Figure  5.  The  NCB-B  Projectile  With  the  Discarding  Rotating  Band 


Figure  6.  The  Exterior  Dimensions  of  the  Discarding  Rotating 


Band 
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gure  7.  The  Yawing  Motion  of  the  NCB-B  Projectile,  Round  No 


PROJECTILE:  NC0-0 


Figure  8.  The  Spin  Motion  of  the  NCB-B  Projectile,  Round  No. 


Figure  12.  The  Spin  Motion  of  the  NCB-B  Projectile,  Round  No. 


PROJECTILE:  NCB-B 


Figure  14.  The  Spin  Motion  of  the  NCB-B  Projectile,  Round  No. 


Figure  16.  The  Spin  Motion  of  the  NCB-B  Projectile,  Round  No. 


HOWITZER:  155HH.  HI 05 


igure  18.  The  Spin  Motion  of  the  SRC  Projectile,  Round  No. 


HOWITZER:  155HH.  M18S 


Figure  21.  The  Yawing  Motion  of  the  SRC  Projectll 


Figure  22.  The  Spin  Motion  of  the  SRC  Projectile,  Round 
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Figure  24.  The  Spin  Motion  of  the  SRC  Projectile,  Round  No.  11 
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PROJECTILE:  NCB-0 


The  Spin  Motion  of  the  NCB-B  Projectile 


Figure  27.  The  Yawing  Motion  of  the  NCB-B  Projectile,  Round  No.  16 


HOWITZER!  1SSMH.  H18S 


Figure  28.  The  Spin  Motion  of  the  NCB-B  Projectile,  Round  No.  16 


Motion  of  the  NCB-B  Projectile 


HOWITZER:  155MM.  H1B5 
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e 30.  The  Spin  Motion  of  the  NCB-B  Projectile 
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gure  31.  The  Yawing  Motion  of  the  NCB-B  Projectile,  Round  No.  18 


•e  32.  The  Spin  Motion  of  the  NCB-B  Projectile 


In  Motion  of  the  SRC  Projectile 
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Figure  35.  The  Yawing  Motion  of  the  SRC  Projectile  Round  No.  20 
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Figure  36.  The  Spin  Motion  of  the  SRC  Projectile  Round  No.  20 
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ie  Yawing  Motion  of  the  SRC  Projectile  Round  No.  22 
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